Following the adoption of the Energy Efficiency Directive (EED) in 2012, the Member States of the European Union implemented various policies and measures to meet the Directive's requirements, including national energy efficiency targets for 2020. The progress made at national level is tracked through the Annual Reports provided by Member States to the Commission in accordance with the EED Article 24. To provide valuable insights of the actions taken by Member States towards increasing energy efficiency in various sectors of their economies, this paper reviews the assessment of the Annual Reports (AR) submitted since 2013-the year in which the first reports were due-until the latest Annual Reports of 2018. Notably, the implementation status of key EED provisions such as Article 5 on the exemplary role of public bodies' buildings and Article 7 on Energy Efficiency Obligation Schemes (EEOS) is discussed, providing a historical view of the progress made from the inception of the various actions until now. The need of more efforts, in particular with the Article 5 implementation, is identified. The national contributions towards the EU 2020 target are also discussed, including an analysis of the latest energy consumption trends and reasons for which energy consumption remained stable or increased, as given by Member States in their reports. Lessons learned from the EED experience so far are drawn that provide valuable input for the successful implementation of the future requirements under the new Energy Union Governance.
Introduction
Worldwide, energy accounts for about 85% of global CO 2 emissions. This simple data implies an equally simple necessity: the way of producing and using energy must profoundly change in order to meet the climate goals of our societies, as expressed by the long-term objectives of the Paris Agreement [1] . This requires speeding up the deployment and penetration of low-carbon technologies in all end-use sectors, given a greater emphasis on energy efficiency, renewable energy sources and innovation. According to several authors [2] [3] [4] [5] , this commitment will also bring significant social and economic benefits, such as positive health and well-being impacts, energy poverty alleviation, economic development and job creation, increased industrial productivity and competitiveness, improvement of natural resource management, etc.
In the past decades, this process of paradigmatic transformation was promoted, accompanied and monitored by policy initiatives, at the international, national and local level. All the largest emitter countries (the top ten account for 68% of the world total) implemented programmatic measures [6] [7] [8] [9] [10] , which have contributed, in a more or less decisive manner, to achieve the first encouraging results [11] .
In fact, in the past 40 years, there have been four periods in which CO 2 emission levels were stable or fell respect the previous year, but only the one observed in the last years came in a period of economic growth.
The European Union (EU) has always been one of the entities that has most promoted the introduction of stringent environmental objectives [12] . In this context the Energy Efficiency Directive 2012/27/EU (henceforth the EED or the Directive) [13] , adopted in 2012, constitutes a key part of the climate and energy legislative package. It has been designed to stimulate the implementation of energy efficiency improvement measures by Member States based on ex-ante estimates of the existing energy efficiency improvement potential in the EU. All Member States are required to implement policy measures that can improve the efficiency of energy production, distribution and consumption. These requirements aim to achieve the EU energy efficiency target set for 2020 and are now also supposed to contribute to achieving the 2030 energy efficiency target recently established in the amended version of the EED [14] . The EU target set for 2020 corresponds in particular to a 20% reduction in the EU primary energy consumption to be achieved in 2020 compared to primary energy consumption projections for 2020 that were performed through the PRIMES model in 2007. This target implies a primary energy consumption reduction of 370 Mtoe to be realized at the EU level in 2020 and also sets an EU absolute primary energy consumption level of 1483 Mtoe for this year (to be compared with 1853 Mtoe expected by 2007 projections).
To this aim, Member States have been required under EED Article 3 to set indicative (i.e., not mandatory) energy efficiency targets-expressed either in terms of primary or final energy savings, primary or final absolute energy consumption levels or energy intensity reductions-that can overall allow achieving the expected 20% reduction in EU primary energy consumption. Member States have been also requested under EED Article 24 to describe implemented measures and to estimate achieved and expected energy efficiency improvements within National Energy Efficiency Action Plans (NEEAPs) submitted every three years as well as in progress reports (also known as Annual Reports or ARs) submitted every year since 2013. For the latter, Member States have been required to specifically report on their registered recent consumption trends, new or updated policy measures, progresses in the implementation of Article 5, ("Exemplary role of public bodies' buildings") and Article 7 ("Energy efficiency obligation schemes") of the Directive. In particular, as requested by Annex XIV of the EED, Member States have been requested to provide the following minimum information:
(a) An estimate of various energy-related indicators for two years before (e.g., for 2016 in the Annual Reports of 2018 or AR2018), including a discussion of the reasons if stable and growing energy consumptions were observed. (b) Updates on major legislative and non-legislative measures implemented in the previous year (e.g., 2017 in the AR2018), which contribute towards the overall national energy efficiency targets for 2020. (c) The total building floor area of the buildings with a total useful floor area over 500 m 2 and as of 9 July 2015 over 250 m 2 owned and occupied by the Member States' central government that, on 1 January, did not meet the minimum energy performance requirements referred to in Article 5(1). (d) The total building floor area of heated and/or cooled buildings owned and occupied by the Member States' central government that was renovated in the previous year (e.g., 2017 in the AR2018) referred to in Article 5 (1) or the amount of energy savings in eligible buildings owned and occupied by their central government as referred to in Article 5 (6) . (e) Energy savings achieved two year before (e.g., for 2016 in the AR2018) through the national energy efficiency obligation schemes referred to in Article 7 (1) or the alternative measures adopted in application of Article 7 (9) .
This paper provides a summary of the progress of various actions made from their inception until the latest available year. Next sections discuss the general method adopted and the results obtained for the four main elements covered by Annual Reports: (i) growing energy consumption; (ii) updates on major legislative and non-legislative measures; (iii) implementation of Article 5; (iv) and implementation of Article 7. Main conclusions are provided in the final section.
Method
The European Commission has had the responsibility to assess the annual progress made by Member States in achieving their national energy efficiency targets and in fulfilling the requirements established under the various articles of the Directive. The Joint Research Centre (JRC) of the European Commission has, among others, reviewed and evaluated the information submitted in the Annual Reports.
Points (b) to (e) of Annual Reports were only required since the second Annual Report (that is, AR2014) and in all other subsequent reports. As these points represent the main elements that can give insight on the progress made with the implementation of various provisions of the Directive, our review focuses on the assessment of the Annual Reports submitted over the last 5-year period only; in other words, our analysis covers the Annual Reports of 2014 (AR2014) to 2018 (AR2018). Based on the minimum information from the EED Annex XIV listed above, we can therefore give a historical perspective of the progress made in relation to point (b) in the years from 2013 to 2017, progress linked to points (c)-(d) for the years 2014 to 2017 and progress made with regards to point (e) for the years 2015-2017.
In 2014, during the analysis of the first Annual Reports, it proved necessary to harmonize the information provided by Member States and a common reporting template was developed. Since 2015 it was proposed (never compulsorily) as a guiding tool to share the more relevant information and, as shown in Table 1 , in the last 3 years a good number of Member States adopted it as the only tool for sharing data or as a complement to a descriptive report. The last version of the template is shown in Appendix A (Figures A1 and A2). 
It should be noted that in several cases, especially when the common reporting template was not available, the interpretation of the shared information has not been trivial. For instance, typical elements of uncertainty were:
•
The type of update, the implementing EED article and the main sector(s) affected by the new policy measures reported under point (b).
The annual requirements and the type of energy savings (e.g., cumulated vs. yearly) achieved under Article 5 (point (d)).
The type of annual energy savings (e.g., from new measures or from all active measures) reported to address the Article 7 obligation (point (e)).
To overcome these issues, additional sources were considered, such as the National Energy Efficiency Action Plans (NEEAPs) [15, 16] , the Member States' Notifications regarding Articles 5 and 7 and the ODYSSEE-MURE database [17] . Some Member States were also asked to provide certain clarifications on specific issues.
Since 2013 six Annual Reports for each Member State were analysed [18] [19] [20] , contributing to the drafting of the last EC's Progress Reports [21] [22] [23] [24] . The Annual Reports, as well as the NEEAPs and the Article 5 and 7 Notifications are publicly available on the European Commission's website [25] .
All data shown in this analysis (sections below) were extracted or derived from the Annual Reports (almost 200 documents in total) provided by Member States in the past six years.
Results and Discussion

Growing Energy Consumption
According to EUROSTAT statistics [26], in the period from 2005 to 2016, the European Union has reduced its energy consumption. The final energy target for 2020 set by the Article 3 of EED (1086 Mtoe) has been met already in 2014 (1063 Mtoe), but in 2015 and 2016 the final energy consumption increased (1108 Mtoe) and slightly exceeded the 2020 target (corresponding to a gap of 2%).
At national level, since 2005 both the absolute values of primary and final energy consumptions have declined for almost all Member States (the main exceptions are Estonia, Lithuania, Malta and Poland), but it is not possible to say the same looking at the period covered by the analyses included in the Annual Reports. In fact, over the period 2011-2016 only 11 Member States reduced significantly (i.e., more than 1%) their total final energy consumptions ( Table 2 ). 2013, 2015 2012, 2013, 2014, 2015, 2016 2012, 2013, 2015, 2016 2012, 2013, 2015, 2016 In addition to the general trends, the analysis of Annual Reports allowed to focus on the evolution in the short-term, by comparing the final consumption values with those of the previous year, for the four main end-use sectors (industry, transport, residential and services). Often this comparison has highlighted increasing (or stable) trends which the Member States were required to explain. Table 2 shows the years in which there was no reduction compared to the previous year for each sector. On average the years associated with a stable or growing trend are the majority for all end-uses and just for few Member States (Croatia, Cyprus, Luxembourg, Portugal, Spain) this picture appears different.
In accordance with Annex XIV of EED, almost all Member States provided explanations in cases where energy consumption remained stable or increased year by year. The main reasons indicated over the period 2011-2016 are summarized in Table 3 . In general, they refer mostly to activity growth (i.e., economy, production, population, employment) and climatic fluctuations, but price effects have also been reported. Rarely the explanations have been supported with in-depth analyses, but the general picture agrees quite well with that one obtained from decomposition analysis, which identifies possible driving factors and their contributions to observed energy consumption trends in the EU [27] . Table 3 . More recurrent explanations delivered by Member States overall to justify stable or growing Final Energy Consumptions by end-use sector.
Sector Explanation
Industry
Economy growth (increase of the Gross Value Added of industry or by the Gross Domestic Product). Employment growth. Production growth.
Transport
Activity growth (increase of the total mileage, the flows of passengers and freight or the amount of exports). Reduction of the international fuel prices. Economy growth (increase of the Gross Domestic Product).
Vehicles' number growth.
Residential
Increase of the Heating Degree Days (HDD). Population growth Households' number growth. Increase of the disposable income of households. Increase of electric appliances and electronic equipment of households.
Decline of international fuel prices.
Services
Economy growth (increase of the Gross Value Added of services or by the Gross Domestic Product). Increase of the Heating Degree Days (HDD). Employment growth. Reduction of the international fuel prices.
Updates on Major Legislative and Non-Legislative Measures
Since several articles of the EED encourages Member States to update their existing policy instruments and to implement new measures, it is crucial to monitor constantly this process. For this reason the Annex XIV (Part 1) requires explicitly Member States to report in their Annual Reports updates on major legislative and non-legislative measures implemented in the previous year which contribute towards the overall national energy efficiency targets for 2020.
Coherently with the Annual Report template introduced in 2015, the policy updates were classified according to their legal basis, type of measure and type of update (Table 4 ). An overview of policy updates based on their legal basis is presented in Figure 1 . The number of updates has progressively increased over the years. The Annual Reports of 2014 included just over 100 updates, while the latest Annual Reports of 2018 were close to 400. In the first Annual Reports of 2013, no policy updates were declared as according to EED Annex XIV Part 1 on General framework for Annual Reports, only the second and subsequent reports were required to include the aforementioned points (b) to (e).
As shown in Figure 1 , the majority of the updates regarded the implementation of the Energy Efficiency Directive (general transposition and main articles). A few updates of measures stemmed from other directives such as the Ecodesign [28] , Energy Labelling [29] and Energy Performance of Buildings [30] Directives, thus highlighting the broad range of EU policy contributing to energy efficiency improvements. In particular, many of the described updates concerned provisions linked with the Energy Performance of Buildings Directive such as energy performance certificates, minimum energy performance requirements and nearly zero energy buildings.
Under the EED, the majority of the concerned measures were claimed under Article 7 (see Figure 1 ). These were intensified in 2017, as nearly 100 updates concerned either the energy efficiency obligation schemes or alternative measures under Article 7. Updates concerning the general transposition of the EED and the other EED Articles were also reported. In particular: Article 4 on building renovation, Article 5 on the exemplary role of public bodies' buildings, Article 8 on energy audits and energy management systems, Articles 9-11 on metering and billing, Articles 12 and 17 on information and training, and Article 18 on energy services. "Other EED" category includes policies referred to the other EED articles and the quite numerous policies that were not clearly linked to a specific provision of the EED. Regarding the policy types, the major part of updates concerned "regulations and legislative measures" followed by "funds, financial measures & fiscal incentives". About the type of update, the majority of the measure updates concerned "amendments, implementation or design changes and extension of on-going measures", followed by "adoption of new measures, conclusion of agreements, publication of legislations, and commencement or enforcement of measures and programmes".
The outcomes of the present analysis stress the need of further harmonization in future reporting obligations. As the reporting template provided for the Annual Reports is of voluntary nature under current EED reporting requirements, not all Member States reported their updates in a structured way, which, at times, rendered it difficult to understand crucial information, such as the type of policy measure and update being described. In 2018, 14 Member States (Austria, Belgium, Cyprus, Denmark, Estonia, Greece, Spain, Hungary, Ireland, Italy, Malta, the Netherlands, Portugal and Slovenia) filled out the template. The ability of this tool to avoid misunderstandings through the use of the template was confirmed by our assessment, demonstrating the need to officially adopt a harmonized reporting approach in the future. 
Progress on Article 5 Implementation
Member States were also required (Article 5(1)) to guarantee that the 3% of the total floor area of heated (and/or cooled) buildings owned and occupied by their central government which does not meet minimum energy requirements (set under the Energy Performance of Building Directive) is renovated each year, starting from 1 January 2014. Alternatively, Member States can opt for an alternative approach (Article 5(6)), and achieve equivalent or greater energy savings through the implementation of other cost-effective measures, including deep renovations and measures for behavioral change of occupants. Tables 5 and 6 provide a summary of the progress communicated by Member States for the period 2014-2017. A color-code system was used in the tables to highlight the level of the annual achievement: green indicates Member States that reached or exceeded the expected savings, yellow represents Member States which fell short of their expected savings by up to 50% and red indicate Member States which fell short by more than half. From Table 3 , it can be concluded only Latvia achieved the overall renovation requirement from the reporting period (i.e., 2014-2017). Table 5 . Implementation progress of Article 5 requirement for Member States which chose the default approach (Art. 5(1)). Data are currently under review. Table 6 . Implementation progress of Article 5 requirement for Member States which chose the alternative approach (Art. 5 (6)). Data are currently under review. Given that 2014 was the first year of the implementation, this year was marked insufficient or uncertain progress in most Member States. So, if this year is excluded from the reporting period, the Member States which collectively met their renovation requirements under the default approach in the period 2015-2017 include also Estonia, Spain, Italy and Lithuania. It should be noted that according to the EED Article 5 (3), if a Member State renovates more than 3 % of the total floor area of central government buildings in a given year, it may count the excess towards the annual renovation rate of any of the three previous or following years. For the other countries, it is not possible to draw conclusions due to partial reporting.
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Progress in Terms of Energy Saved from New Measures Implemented in the Reference Year [ktoe]
Progress in Terms of Ratio between Energy Saved from New Measures and Annual
In terms of the countries under the alternative approach (Table 5) , the collective savings requirement over the period 2014-2017 is met by Belgium, Finland, France, Croatia, Ireland, Poland and the United Kingdom. Cyprus, the Netherlands and Slovakia were short of reaching their requirement on average by 4%, 18% and 20%, respectively. In 2015-2017, Czech Republic also reached its energy savings requirement.
Compared to the initial years of reporting, a higher level of compliance with reporting obligations can be observed in 2017, while 2014 and 2016 have generally been the years with lowest levels of compliance. A number of Member States, however, have still not provided any information on the annual progress made throughout the overall period. These include Greece and Romania under the default approach, and Denmark, Malta and Portugal under the alternative approach. It should be noted that data reported are under review and further clarifications have been requested by the European Commission on the missing data and meaning of some reported values, typically in relation to energy savings claimed under the alternative approach. The most frequent problem in interpreting annual energy saving values relates to whether these savings are only the new savings that have been generated to comply with the 3% obligation for a given year or if they include also savings generated by actions implemented to comply with the 3% obligation of previous years.
Progress on Article 7 Implementation
As mentioned, Member States have also been required to annually report energy savings achieved two year before (e.g., for 2016 in the AR2018) with the national Energy Efficiency Obligation Scheme (EEOS) adopted in application of Article 7(1) [31] or the alternative measures referred to Article 7 (9) . Table 7 provides an overview on the approach used by each Member State to comply with Article 7 (i.e., obligation scheme and/or alternative measures) and the progress made in terms of: (i) savings each year from new actions and from actions already implemented that continue delivering savings in that year, and (ii) ratio of achieved cumulative savings over expected savings for the period 2014-2016. Generated savings are compared with expected savings by assuming that each Member States is expected to annually generate a constant amount of new savings corresponding to 1.5% of the total energy sales calculated as requested under EED Article 7. If the amount of new savings expected each year is X, the amount of cumulative savings expected in 2014, 2015 and 2016 will hence assumed to respectively be X, 3 × X and 6 × X. The linear delivery (taken as reference) assumes therefore that the new actions to be implemented every year (from 2014 up to 2020) have to achieve 1/28 of the total savings requirements to be achieved for 2014-2020. The same color-code system discussed above is also used in this table. It can be noted that about half of the Member States have overachieved their cumulative target over the period 2014-2016. Good results achieved by Finland, Austria, Poland, Estonia, Denmark and the Netherlands are to be emphasized. On the other hand, 7 Member States (Bulgaria, Croatia, Cyprus, Latvia, Luxembourg and Portugal) seem to be far away from their savings requirements.
According to complementary calculations provided to the EC under technical assistance [32] , it turned out that the large majority of the cumulative energy savings achieved (about 70%) is due to transversal measures that target energy efficiency in two or more sectors. The remaining part focuses mainly on the residential and transport sectors (about 10% each).
As Member States have been required to indicate the type of measures that have generated the claimed savings, it has been possible to produce an overview of the type of measures generating new savings each year. Figure 2 below report therefore the distribution of new energy savings over the various types of measures as generated in 2014, 2015 and 2016. The following 12 Member States either partially or fully generated their savings through the implementation of Energy Efficiency Obligation Schemes (EEOSs) (EED Article 7(1)): Bulgaria, Denmark, Ireland, Spain, France, Italy, Latvia, Malta, Austria, Poland, Slovenia and the United Kingdom. It may also be worth noting that savings generated by EEOSs represented almost 41% savings totally claimed under Article 7 savings at the EU level in 2016.
The not exhaustive picture provided by the figure above shows therefore that savings generated through alternative measures (EED Article 7(9)) play a relevant role. The measures falling under the category "Taxation" covered a substantial share (24%) of the total achieved savings over the period 2014-2016, as happening with "Funds, fiscal and financial incentives" measures (18%). Regulatory measures were adopted by nine Member States (Belgium, Germany, Ireland, Croatia, Malta, Latvia, Portugal, Finland and the United Kingdom) generating around 11% of the total savings reported. "Information, education and training" measures used by Austria, Belgium, Cyprus, Germany, Greece and Hungary generated 1.4% of the total saving achieved by actions that were implemented until 2016. Around 10% of total savings was achieved through other measures, as voluntary agreements, public transport public development schemes, etc. The remaining 0.7% could not be associated with any specific measure type.
Variations Overall, it can be probably concluded that good progress in Article 7 target achievement is being registered. It has however to be generally emphasized that what has made it possible to have a quite clear overview of the situation has been the creation of a sufficiently detailed and understandable report template that the European Commission has made available to Member States to report their progresses under Article 7. As discussed also in other parts of paper, whereas guidance given to Member States has been less clear (e.g., in case of reporting requirements under EED Article 5) the assessment of progresses made results obviously much more difficult.
Conclusions
The Energy Efficiency Directive has been one of the key elements of the EU climate and energy legislative package, mandating EU Member States to set 2020 indicative targets on energy efficiency and put in place a number of mandatory policy measures for energy supply, distribution and end-use sectors. The annual reports notified by Member States to the European Commission in accordance with the EED Article 24 constitute the main vehicle through which the progress of implementing key provisions of the Directive can be assessed.
This paper focused on the assessment of the annual reports in the first 5-year reporting period until 2018. Based on this assessment and the historical trends leading to 2016-the year that marks the mid-point between the adoption of the EED in 2012 and the milestone target of 2020-it can be concluded that continued, and in certain cases enhanced, commitment is necessary to keep the EU on track towards its primary and final energy targets of 1483 Mtoe and 1086 Mtoe, respectively, by 2020. Our assessment has shown that while at national level, both the absolute values of primary and final energy consumptions have declined for almost all Member States since 2005, over the period 2011-2016 only 11 Member States reduced significantly (i.e., more than 1%) their total final energy consumptions. Colder climatic conditions during winter months, economic recovery and growth following the economic recession of 2008, the rise in population and number of households, the increase of passengers and goods transport are some of the reported reasons behind this reversal of trend. The introduction of new and more ambitious national policy actions, as well as strengthening of existing ones in the remaining period leading to 2020, must be considered if Member States are to deliver their fair share of energy savings towards the EU target.
In terms of the implementation status of key Directive provisions, our 5-year assessment has confirmed good progress with regards to the implementation of Article 7, with half of the Member States overachieving their cumulative target over the period 2014-2016. As a result of the implementation of the Energy Efficiency Directive, half of the EU Member States have set an energy efficiency obligation scheme in their national compared with just four Member States (Denmark, France, Italy and the United Kingdom) prior to the adoption of the EED. While design features of these schemes such as type of obligated actors, nature of obligation and ambition of savings vary greatly from country to country, the set-up of obligations on energy suppliers is considered one of the most effective policy measures in energy efficiency and one of the main success stories of this Directive. On the other hand, despite the various reporting gaps identified in our assessment, it can be concluded that meeting the central government renovations requirements or achieving equivalent energy savings under Article 5 may be challenging and increased efforts are therefore needed to step up progress in improving energy efficiency in the public sector. Beyond these two key EED articles, the policy updates reported by Member States enabled the close examination of the progress made in relation to other provisions of the directive, in the form of amendments of existing measures and adoption of new measures as well as conclusion of agreements, enactments of legislations, and enforcement of specific measures and schemes. Our assessment has also identified significant interconnections and synergies with other EU legislations, highlighting the linkages within the overall energy and climate package.
The review of the progress based on the information submitted in the Annual Reports by the Member States has also demonstrated the importance of using a common reporting in the context of the new timeline to 2030 proposed by the new Regulation of the Energy Union and Climate Action [33, 34] and the revised Energy Efficiency Directive [35] . The template, introduced in 2015 and subsequently fine-tuned in 2016 and 2017, offered a more structured reporting approach which, for the first time, harmonized the collection process of key information and indicators in energy efficiency policy and thereby reduced the incidence of errors, misinterpretations and subsequent need of clarification requests. However we believe that this monitoring approach can be further improved, by including additional indicators to account the achievements obtained in terms of environmental and socio-economic benefits (e.g., urban pollution, energy poverty alleviation, job creation).
Finally, our assessment has showcased the importance of regular monitoring of the progress made towards the targets and the deployment of econometric modelling and index decomposition analysis that enable the separation of the impact of factors such as economic activity and weather fluctuations on the general energy trends and the isolation of the impact of energy efficiency policy. This is deemed imperative given the nature of the 2030 targets and urgency for stronger, more scientifically-based EU action in the energy and climate agenda. 
